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This invention relates to the production of an 
alkylated aromatic hydrocarbon. In one aspect 
the invention relates to the alkylation of an 
aromatic hydrocarbon with an olefin. In another 
aspect the invention relates to the catalytic alky 
lation of an aromatic hydrocarbon with an ole 
fin employing a liquid type catalyst. In one em 
bodiment of the invention there is provided a 
process suitable for the economic production of 
an alkylated aromatic for use as a detergent in 
termediate by the alkylation of an aromatic with 
a high molecular Weight olefin in presence of a 
liquid type catalyst in a manner and under con 
ditions such that increased yields of high quality 
alkylate with a minimum of by-product heavy 
residue are obtained even when the olefin is intro 
duced to the process contained in a feed stock 
which comprises substantial Concentrations of 
materials capable of forming catalyst Soluble oil 
or substances which have been troublesome here 
tofore in the alkylation of an aromatic with a 
high molecular Weight olefin. 

It is well recognized by those skilled in the 
art that one of the most troublesome features 
accompanying the alkylation of aromatic hydro 
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carbons with high molecular weight olefins in the 
presence of liquid type catalysts is the formation 
of catalyst soluble products attendant upon the 
use of olefin concentrates, for example, cracked 
petroleum naphthaS as alkylating agentS. Also, 
these catalyst soluble products are at least par 
tially soluble in the alkyl benzenes produced, thus 
contaminating the Same and also have a deleter 
ious effect upon the conversion because of side 
reactions in which olefins, otherwise useful in 
the process, are converted to high boiling heavy 
alkylates not useful, for example, as detergent 
intermediates. 

I have now discovered a process for the alkyla 
tion of aromatic hydrocarbons with high molec 
ular weight straight or branched chain olefins 
from olefin concentrates, for example, cracked 
petroleum naphthas, wherein the removal of ob 
jectionable catalyst soluble productS is accom 
plished prior to the main reaction of alkylation, 
with resulting improvements in the yield of use 
ful alkylate and in the quality of such useful 
alkylate. 
According to the method of my invention, in 

a first step, the aro?ciatic and olefin hydrocar 
bon streams are mixed 2nd introduced into a 
primary reactor wherein they are contacted with 
a liquid type catalyst, for example, hydrofluoric 
acid. The reaction conditions and catalyst com 
position in this primary reaction Zone are care 
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fully controlled so that the catalyst soluble ma 
terials, present in the hydrocarbon feed, which 
are most readily soluble in the catalyst may enter 
the catalyst phase. These catalyst soluble prod 
ucts are thereafter removed from the catalyst 
phase as catalyst soluble oil. In a Separate or 
second step of the process the hydrocarbon ef 
fluent from the primary reaction step is passed 
into a second reactor and is there contacted with 
a liquid type catalyst. The reaction conditions 
and catalyst composition within this Secondary 
reaction zone are controlled to permit essentially 
complete utilization of the desirable olefins in 
the olefin concentrate for the alkylation of the 
aromatic hydrocarbon in the feed stream. The 
alkylation products may be recovered by any 
suitable means, for example, gravity Separation 
of the catalyst phase followed by fractionation 
of the hydrocarbon phase. 
By operating in this manner undesirable com 

pounds such as those containing sulfur, diolefinic 
hydracarbons, alkenyl aryl compounds, certain 
polynuclear aromatic hydrocarbons and possibly 
others of unestablished identity are removed from 
the alkylation feed prior to the principal alkyla 
tion reaction thereby providing Optimum Con 
ditions for reactions, in the alkylation zone, 
which lead to the production of useful alkylates. 
It is an advantage of my process that undesir 
able catalyst soluble materials or components 
capable of undergoing reactions which produce 
catalyst soluble materials are removed prior to 
the principal alkylation step, thereby enhancing 
the yield of desirable alkylates, capable of utiliza 
tion, say as detergent intermediates. In an addi 
tional advantage is that the quality of the use 
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ful alkylate produced by means of my process 
is improved due to the absence of contaminating 
materials boiling in the same range, for example, 
polyphenyl alkanes which may arise from the 
reaction of diolefins and/or alkenyl aryl Com 
pounds with the aromatic hydrocarbon used in 
the usual alkylation process. 
A further advantage of my process lies in the 

fact that olefin concentrates which contain large 
amounts of catalyst Soluble oil forming ma 
terials may be employed to alkylate aromatic 
hydrocarbons which feed stocks would be un 
suited to the usual alkylation process, because of 
excessive side reactions as mentioned above. 
I have further discovered that the process of 

my invention gives rise to certain advantages not 
apparent from the above discussion. I have 
found that the removal of catalyst Soluble mar 
terials in the primary reaction zone proceeds 
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rapidly when carried out under certain condi 
tions. Furthermore, the principal alkylation 
reaction carried out in the secondary reaction 
zone may be performed under conditions of short 
er residence time and with lower catalyst volumes, 
when catalyst soluble materials are not present 
to dilute the catalyst phase, than in the Con 
ventional process. It follows, therefore, that by 
means of my process the production capacity of 
a reactor of fixed size conveniently may be in 
creased by more than a proportionate amount 
by the incorporation of a small primary reactor 
according to the method herein disclosed. 
These and other advantages of the present in 

vention will be apparent from a description of 
the accompanying diagram in which is shown a 
flow sheet of one specific embodiment of the 
process. In the diagram and explanation refer 
ence is made to specific catalysts and materials, 
not in restriction of the disclosure, but in the 
interest of clarity. 

Referring to the drawing, olefin concentrate, 
such as could be obtained from selected fractions 
of cracked petroleum naphthas, is led from stor 
age and mixed with benzene from storage 2 in 
line 3. The feed stream is diluted with additional 
benzene from line 30 to provide the desired mol 
ratio of benzene to olefin, say about 8 to 1. The 
feed stream is intimately mixed in the primary 
reactor with the catalyst which enters via line O. 
The catalyst employed in the primary reaction 

zone conveniently may comprise hydrofluoric acid 
diluted with catalyst Soluble oil and/or water so 
that the concentration of acid is 70 to 80 per cent. 
The catalyst volume should be 10-15 per cent of 
the reactor volume and the total feed rates should 
be such that a residence time of, say about 30 
Seconds is obtained. Under these conditions the 
materials present in the hydrocarbon feed stream 
which are most readily soluble in the catalyst, 
Such as sulfur compounds, diolefinic hydrocar 
bons, alkenyl-aryl compounds, etc., are dissolved 
in the catalyst as catalyst soluble oil. A minor 
conversion of olefins to useful alkylate will usu 
ally occur in this reactor, say 5-10 per cent of 
the total conversion. For this reason a mol ratio 
of benzene to olefin in the range suitable for 
alkylation is usually preferred in the primary 
reaction zone. 
The reactor effluent is passed through line 5 

into settler 6 where the catalyst separates by 
gravity. The catalyst phase containing the un 
desirable catalyst soluble materials is removed 
via line 7. A portion of this stream may be re 
cycled to the reactor through line 9 and the re 
mainder may be passed to a catalyst re-run unit 
f2 via line 8. In the catalyst re-run unit hydro 
fluoric acid is removed by distillation and re 
turned to the reaction zone through line . 
Catalyst soluble oil is removed through line 4. 
The hydrocarbon phase from settler 6 is passed 

through line 4A into the secondary reactor 5 
where it is intimately mixed with catalyst enter 
ing via line 2. In this reaction zone the catalyst 
comprises hydrofluoric acid diluted with catalyst 
Soluble oil in minor amount and/or water such 
that the concentration of acid is preferably 85-95 
per cent. The catalyst may comprise 15-25 per 
cent of the reactor volume and the feed rates of 
all streams entering the reactor may be such that 
a residence time of 15-20 minutes is obtained. 
Under these conditions substantially complete 
olefin conversion is obtained within the secondary 
reaction zone. 
The effluent from the secondary reactor is 
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4. 
passed via line f into settler 7 wherein the 
catalyst separates by gravity and is led off 
through line 8. The catalyst stream may be 
Split and the major portion recycled through line 
f9 while the minor portion is conducted through 
line 20 into the re-run unit 2. Regenerated 
catalyst is returned to the system via line 3. 
Make-up hydrofluoric acid may be conveniently 
added to the System through line 22 from stor 
age 23. 
The hydrocarbon phase obtained in settler is 

passed via line 24 into a fractionator 25 wherein 
benzene is removed overhead and is recycled to 
the primary reactor through line 30. The bot 
tons product comprising deolefinized naphtha 
and alkylate is passed through line 26 into a sec 
Ond fractionator 2. In this unit the deolefinized 
naphtha is removed overhead via line 28 and 
alkylate product is removed as a bottoms product 
via line 29. The alkylate may be further proc 
essed as desired. 
Should it be desirable under certain circum 

stances to operate with a higher mol ratio of ben 
Zene to olefin in reactor 5 than in reactor 4, as 
in instances where the olefin concentrate con 
tains relatively large amounts of short chain alkyl 
benzenes, a portion of the recycle benzene in line 
30 may be diverted to reactor 5 via line 3. By 
this means the ratio of benzene to olefin would 
be increased in the alkylation zone providing 
more favorable conditions under which to react 
the olefins with benzene in preference to the short 
chain alkyl benzenes also present. However, it 
is noted, that at least a portion of the benzene 
used in the process preferably is fed into reactor 
4 to cause its alkylation in preference to that of 
the constituent aromatics with the olefins in the 
feed Stock. In Some cases only the olefin con 
taining fraction may be treated in reactor 4. 
The method of my invention is adaptable to the 

use of catalysts such as boron fluoride composi 
tions with water, hydrofluoric acid, and the like. 
It may also be effectively employed with hydrogen 
fluoride, either anhydrous or in aqueous solutions 
of a concentration of 50 per cent or higher. The 
catalyst may be the same in each reactor but will 
vary in composition as disclosed herein. Thus in 
the primary reactor the catalyst preferably 
should contain relatively large amounts of cata 
lyst soluble oil and/or water in order to obtain 
the Selective removal of catalyst soluble materials 
from the hydrocarbon feed, say 10-25 per cent 
water and/or 5-25 per cent catalyst soluble oil. 
The catalyst fed to the secondary reactor will 
generally contain 0-10 per cent water and 2-10 
per cent catalyst soluble oil. 
Conditions in the two reaction zones will be 

Somewhat dependent upon the catalyst employed. 
Usually temperatures in the range 40°-140° F., 
preferably from 80 to 120 F., and pressures 
sufficiently high to avoid vaporization of the cata 
lyst, say from 15 to 60 pounds per square inch 
gauge, will provide optimum operation. The mol 
ratio of aromatic hydrocarbon to olefin will be 
from 2:1 to 15:1, preferably from 5:1 to 10:1. 
It is important to the process that the volume 
ratio of hydrocarbon to catalyst in the primary 
reactor be high, Say 20:1 to 7:1 and it is an ad 
vaniage of the process that the volume ratio of 
hydrocarbon to catalyst in the secondary reactor 
may be as high as 7:1 to 3:. 
The process of my invention is adaptable to 

the alkylation of benzene, toluene, xylenes and 
the like, employing high boiling olefins contain 
ing at least seven and not more than about 18 
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carbon atoms to the molecule as the alkylating 
agent. Olefin concentrates comprising a frac 
tion of a crocked petroleum naphtha boiling be 
tween about 200 and about 500 F. furnish a 
convenient source of such olefins. Said olefin 
concentrates may comprise 10-50 per cent ole 
fins and often comprise 10-35 per cent aromatics. 
Sulfur compounds, diolefinic hydrocarbons, al 
kenyl aryl hydrocarbons, polynuclear aromatic 
hydrocarbons and the like may often comprise 
as much as 10-30 per cent of said concentrates 
when derived from thermally or catalytically 
cracked petroleum naphthas. In any event the 
olefins present in the olefin concentrate used are 
principally of the non-polymeric type. 

Eaccimple 
An olefin concentrate was prepared by fraction 

ating a “Cycloversion' (catalytically cracked) 
naphtha to produce a cut boiling in the range 
380° to 450 F. A blend comprising 15.33 pounds 
of this concentrate, containing 2.60 pounds of 
olefin, and 10.00 pounds of benzene was fed to a 
primary reactor where it was admixed with a vol 
ume of catalyst equal to 13 per cent of the hy 
drocarbon. The catalyst comprised 75 per cent 
hydrogen fluoride, 15 per cent water and 10 per 
cent catalyst soluble oil. The mixture was agi 
tated for about 30 seconds at a temperature of 
70° F. The effluent was then paSSed through a 
separator and the hydrocarbon layer fed into a 
second reactor where it was admixed with a vol 
ume of catalyst equal to 33 per cent of the hydro 
carbon. This catalyst comprised 97 per cent hy 
drogen fluoride and 3 per cent water. The mix 
ture was agitated at a temperature of 90' F. for 
a period of 20 minutes after which the effluent 
was discharged to a separator to remove the 
catalyst. The hydrocarbon phase was fraction 
ated to recover alkylate product. Catalyst soluble 
oil was recovered from the combined catalyst 
phases. The results are shown after "New Proc 
ess' in the table below. 
A second alkylation was carried out in which 

an equivalent amount of the same blend as was 
used above was fed to a reactor where it was 
admixed with an equal volume of 97 per cent 
hydrofluoric acid containing about 3 per cent 
water. The mixture was stirred at a temperature 
of 90° F. for about 30 minutes after which the 
effluent was passed through a separator to re 
move the catalyst. Alkylate product was recov 
ered from the hydrocarbon layer and catalyst 
soluble oil was recovered from the catalyst layer. 
The results are shown after "Old Process' in the 
table below. 

Pounds Per Pound of Olefin 
Charged 

9aaySt Alk Alkylate ylate style (girls.sys 
New Process.------------------- 0.58 0.65 0.26 
Old Process.-------------------- 0.54 0,52 0.43 

In the two reactions it will be observed that by 
the new process the catalyst soluble oil produced, 
or isolated as such, was about 7 per cent greater 
than by the conventional process. Approximate 
ly 80 per cent of this catalyst soluble oil was 
removed in the first step obviously increasing 
the concentration of desirable olefins in the feed 
to the second step by a substantial amount and 
at the same time providing an improved environ 
pnent for the alkylation reaction. By so oper 
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6 
ating the yield of useful alkylate (boiling 
550-700' F.) was 25 per cent higher for the new 
process and the high boiling residue was reduced 
by about 40 per cent. It is also noteworthy that 
the "Old Process” was inferior in spite of the ad 
vantage of time given it since longer, residence 
times lead to better yields of detergent alkylate. 

Reasonable variation and modification are pos 
sible within the scope of the appended claims to 
the invention, the essence of which is that an 
improved process for the alkylation of an aro 
matic hydrocarbon with a high molecular weight 
olefin in presence of a liquid type catalyst has 
been provided wherein by a preliminary contact 
of the feed hydrocarbons with a liquid type cata 
lyst under certain conditions in a first zone cata 
lyst soluble oil or substances, which otherwise 
would contaminate the desired, alkylated aro 
matic product and also reduce the yield thereof, 
are removed from the feed hydrocarbons which 
are then alkylated in a separate or second zone. 
I claim: 
1. The alkylation of a low boiling aromatic 

hydrocarbon With a high molecular weight olefin 
in the presence of a liquid type catalyst which 
comprises the steps of passing an admixture of 
Said hydrocarbon and a petroleum fraction con 
taining said olefin and materials which upon con 
tact with Said catalyst will form oilssoluble there 
in into a primary Zone; in said Zone contacting 
said admixture with said catalyst under condi 
tions and for a time sufficient to form and to dis 
Solve said, oils therein but insufficient to cause 
more than a slight alkylation of said hydrocar 
bon; Separating Said admixture from said cata 
lyst and passing it to a Secondary Zone contain 
ing a liquid type catalyst and maintained under 
alkylating conditions to complete the desired alkylation. 

2. The alkylation of a low boiling aromatic hy 
drocarbon with an olefin having 7 to 18 carbon 
atoms to the molecule in the presence of a liquid 
type catalyst which comprises the steps of pass 
ing an admixture of Said hydrocarbon and a 
petroleum fraction containing said olefin and 
materials which upon contact with said catalyst 
will form an oil Soluble therein into a primary 
zone; in said zone contacting said admixture 
with said catalyst under conditions and for a 
time sufficient to form and to dissolve said oil 
therein but insufficient to cause more than a 
slight alkylation of said hydrocarbon; separating 
Said admixture from Said catalyst and passing it 
to a Secondary Zone containing a liquid type 
catalyst and maintained under alkylating condi 
tions to complete the alkylation. 

3. The process of claim 2 wherein the catalyst 
is hydrofluoric acid, the temperature in the said 
zones is in the range 60°-140° F., the ratio of hy 
drocarbon to catalyst is in the range 20:1 to 7:1 
in the primary Zone and in the range of 7:1 to 4:1 
in the Secondary Zone, the residence time in the 
primary Zone is of the order Of leSS than one 
minute and the residence time in the secondary 
Zone is of the order of 4 hour, and the olefin is 
contained in a petroleum naphtha fraction boil 
ing in the range 200 F-500 F. 

4. The process of claim 3 wherein the aromatic hydrocarbon is benzene. 
5. The process of claim 3 wherein the aromatic 

hydrocarbon is toluene. 
6. The process of claim 3 wherein the aromatic 

hydrocarbon is a xylene. 
7. The alkylation of benzene with an olefin in 

the presence, of hydrofluoric acid which com 
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prises the steps of passing an admixture of ben 
zene and a catalytically produced petroleum 
naphtha boiling in the range 380° F-450 F. into 
contact, in a primary Zone, with hydrofluoric acid 
catalyst, containing about 75% hydrogen fluo 
ride, about 15% water and about 10% of catalyst 
soluble oil, the ratio of hydrocarbon phase to 
catalyst phase being about 7.5 to 1, for a time of 
the order of less than one minute, at a temper 
ature of about 70 F.; separating Said admixture 
from said catalyst and passing it to a secondary 
zone and therein contacting it with a hydro 
fluoric acid catalyst, containing about 97% hy 
drogen fluoride and about 3% water, the ratio of 
hydrocarbon phase to catalyst phase being about 
3 to 1 for a time of the order of about 4 hour and 
at a temperature of about 90° F., to cause the 
alkylation of the benzene to a desired extent. 

8. In the alkylation of a low boiling aromatic 
hydrocarbon with a high molecular weight olefin 
in the presence of a liquid type catalyst wherein 
said olefin is contained in a petroleum fraction 
which also contains materials which upon con 
tact with said catalyst will form soluble oils 
therein the steps which comprise passing said 
petroleum fraction into contact with said catalyst 
under conditions and for a time sufficient to form 
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and to dissolve said oils therein; separating said 
petroleum fraction from said catalyst and pass 
ing it together with an aromatic hydrocarbon 
to a secondary 20ne containing a liquid type 
catalyst and maintained under alkylating condi 
tions to complete the desired alkylation. 

ROBETRT. S. HANMER. 
A \. 
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